Cyclin-dependent kinases (Cdks) play a central role in the regulation of the eukaryotic cell cycle. A novel gene encoding a Cdk-like protein, Pjmrk, has been isolated from the human malaria parasite Plasmodiumfnlciparurn. The gene has no introns and comprises an open reading frame encoding a protein of 324 amino acids with a predicted molecular mass of 38 kDa. Database searches revealed a striking similarity to the Cdk subfamily with the highest similarity to human M01S (Cdk7). The overall sequence of Pfmrk shares 62% similarity and 46% identity with human M015, in comparison to the 49-58% similarity and 34-43 % identity with other human Cdks. Pfmrk contains two unique inserts: one consisting of S amino acids just before the cyclin-binding motif and the other composed of 13 amino acids within the T-loop equivalent region. Southern blots of genomic DNA digests and chromosomal separations showed that Pjmrk is a single-copy gene conserved between several parasite strains and is located on chromosome 10. A 2500-nucleotide transcript of this gene is expressed predominantly in the sexual blood stages (gametocytes), suggesting that Pfmrk may be involved in sexual stage development.
nondividing infective sexual stages and are morphologically and biochemically distinct from asexual parasites. After being taken up in a bloodmeal by the mosquito, the parasites emerge from the erythrocyte ; the male gametocytes undergo exflagellation (which produces eight gametes from a single male gametocyte). This is followed by fertilization and sporogony (cell proliferation) resulting in the production of infective sporozoites within the mosquito salivary glands. The signals involved in triggering cell growth, proliferation and the molecular events controlling sexual differentiation, such as gametocytogenesis, and fertilization are unknown.
Protein kinases and phosphatases play a central role in regulation of eukaryotic cell division (Norbury and Nurse, 1992; Hunter, 1995) . One subfamily of protein kinases is the cyclindependent kinases (Cdks) which contain a catalytic domain that requires the association of a regulatory cyclin for full acitivity. They are designated individually by number as Cdkl to Cdk8 (Solomon, 1994; Morgan, 1995) . The first identified Cdk, Cdc2 (Cdkl), is the best understood. In yeast two control points of the cell cycle, the transition through START, the point at which progression to DNA synthesis begins, and the initiation of mitosis, are regulated by Cdkl, the product of the cdc2 gene in Schizosaccharomyces poinbe and the cdc28 gene in Saccharomyces cerevisiae (Reed et al., 1985; Simanis and Nurse, 1986) . In higher eukaryotes Cdkl is the active constituent of the maturation promoting factor, a complex required for induction of mitosis (Norbury and Nurse, 1992) . CdWcyclin complexes have been shown to be required at different points of the eukaryotic cell cycle. Cdk activation is very important in ensuring that certain critical steps are completed before others begin, and a series of checkpoint controls operates to safeguard the fidelity of the system.
The life cycle off? fulcipurum provides a number of defined points at which Cdks could act. The integral association between the control of the cell cycle and differentiation of the parasite has driven us to investigate the molecular components of these processes. The differences in the biology of the cell cycle between yeast, higher eukaryotes, and the parasite suggest that molecular mechanisms will have evolved to meet the specific requirements of each organism. Clearly, understanding the differences at the molecular level may help the development of novel intervention strategies against malaria. In this paper we report the molecular cloning of a gene encoding a Cdk-like protein from f? ,firlciparum, related to the mammalian M015 (Cdk7).
MATERIALS AND METHODS
Parasites. P. fakiparum clones 3D7A and T996 (Walliker et al., 1987) were cultivated at 37°C in RPMI-1640 medium (Gibco) supplemented with 37.5 mM Hepes buffer, 10% (by vol.) human serum (A ' ) and filter-sterilized gas (96 % N,, 3 % CO, and 1 % OJ in a semi-automated continous flow apparatus. Asexual stages of the parasite were collected at a parasitaemia of 5 -10 % ; gametocytes were harvested after 14 -18 days and purified by Percoll gradient centrifugation. The purified gametocytes were mainly of stages 111-V.
Nucleic acid isolation from parasites. Parasites were recovered from infected erythrocytes by 0.1 % saponin treatment, washed with phosphate-buffered saline (NaCI/P,) and then resuspended in DNA lysis buffer (0.1 M NaCI, 10 mM Tris/HCI pH 7.4, 2.5 mM EDTA, 0.5% SDS, 120 pg/ml proteinase K). The lysate was then placed on a rocking table at room temperature for 2 h and then in a shaking waterbath apparatus at 37°C overnight. The DNA was extracted with phenol/chloroform and precipitated with 0.3 M sodium acetate and 2 vol. ethanol. Total RNA was isolated from asexual and sexual stage parasites by lysis with 4 M guanidium thiocyanate, followed by CsCl centrifugation and sodium acetate/ethanol precipitation (Chirgwin et al., 1979) .
Oligonucleotide design and synthesis. The following oligonucleotides were synthesized and used for PCR and sequencing reactions. TKI (5' CATAGAGATTTAAGAGCAGCAAAT 3', nucleotides 533 -556) and TK2 (5' TCCAA/TAACTCCATAC-ATCACT 3', nucleotides 749-769), used to isolate the Pfinrk gene, were based on the consensus sequence of subdomain VI (HRDLAARN) and subdomain 1X (SDVWSF/YG) in the catalytic region of protein kinases (Hanks et al., 1988) , respectively, and combined with I? ,fakiparumbiased codon usage (Saul and Battistutta, 1988; Hyde et al., 1989) . PK5 (5' GTTACTTTATG-GTATAGAGCACCAG 3', nucleotides 689-71 3) and PK8 (5' CCAAAATCAGCTAATTTAACTTCTCC 3', nucleotides 575 -690) were used in vectorette PCR and were obtained from Pharmacia. Vectorette 1 primer, Vectorette I nested primer and Vectorette I sequencing primer were obtained from Cambridge Research Biochemicals.
Construction and screening of a genomic DNA library. A iGEM-12 genomic library was constructed using a commercial kit and screened according to the manufacturer's instructions (Promega). Briefly, a Suu3A partial digest of 3D7A genomic DNA was cnd-filled with dATP and dCTP and ligated into the dCTP and dTTP filled-in XhoI AGEM-12 arms. After ligation, the DNA was packaged in vitro using Packagene extract and plated on Esclzrriclziu coli strains LE392 or KW251. Final titres of 2X105 and 4x10' were obtained for LE392 and KW2.51, respectively. The library was screened using KW251 according to standard procedures (Sambrook et al., 1989) .
Construction and screening of vectorette libraries. This method comprises three basic steps : digestion of genomic DNA with an appropriate restriction enzyme, ligation of suitable synthetic oligonucleotide (termed vectorette) onto the digested DNA to construct a vectorette library and PCR using a specific primer and a universal primer directed toward the vectorette. A number of blunt-end vectorette libraries were constructed from 3D7A genomic DNA or a positive phage (gTK3) DNA according to the manufacturer's instructions (Cambridge Research Biochemicals). Briefly, 1 pg DNA was digested with HincII, RsaI or AccI restriction enzymes and approximately 200 ng of the digested DNA was ligated directly into a blunt-end vectorette. The AccI-digested DNA was end-filled prior to ligation. Based on the known sequence and Southern blot information, a number of specific primers were synthesized and PCR was performed using a specific primer and the universal vectorette I primer. The resulting PCR fragments were sequenced directly or cloned into the pGEM-T vector (Promega) for double-stranded sequencing.
Southern and northern blotting. For Southern blotting, approximately 4 pg 3D7A genomic DNA was digested overnight with several restriction enzymes and then fractionated on a 1 .O% agarose gel. For northern blotting, approximately 10 pg total RNA extracted from both asexual and sexual blood stages of F! fulciparum 3D7A were separated on 1.0% agarose gels under denaturing conditions using formamide and formaldehyde in Mops buffer (Robson and Jennings, 1991) . DNA gels were then denatured in 0.5 M NaOH, 1 .5 M NaCl and neutralized in 1.5 M NaC1, 1 M Tris/HCl pH 8.0. The nucleic acids were transferred to Hybond N' nylon membrane (Amersham) in 20X NaCKit (NaCl/Cit = 0.15 M NaCl, 0.015 M sodium citrate, pH 7.0) as described by Southern (1975) . The membranes were dried at room temperature and the nucleic acids covalently cross-linked (ultraviolet crosslinker, Stratagene) with ultraviolet light prior to hybridization.
DNA and RNA hybridization. Southern, northern and PFGE blots or plaque lift filters were hybridized in a solution containing 50% formamide, 6XNaCI/Cit, 5 XDenhardt's solution, 0.5% SDS and 100mg/pl herring sperm DNA at 42°C for 4-6 h. Hybridization with a radiolabeled DNA probe (random hexamer primed DNA labeling kit, Boehringer Mannheim) was performed overnight under the same conditions. Filters were washed at 52-65°C once in NaCl/Cit/O.l% SDS for 30 min and twice in O.SXNaCI/Cit/O.l o/a SDS for 40 min. If necessary, the filters were further washed i n 0.2XNaCI/Cit/O.l % SDS and autoradiographed at -70°C.
Polymerase chain reaction. Reaction mixtures (50 pl total volume) contained 10 mM Tris/HCI pH 8.3, 2.5 mM MgCI,, 50 mM KCI, 0.01 % gelatin, 200 pM each of dNTPs, 0.5 pM of each primer, 100-200 ng DNA as template and 2.5 U Eiq DNA polymerase (Promega). Samples were overlaid with sterile mineral oil (Sigma) and subjected to 36 cycles of denaturation for SO s (4 min for the first cycle) at 94"C, annealing for 1 min at 48 -68 "C and extension for 2 min at 72 "C (1 0 min for the final cycle). PCR products were separated on agarose gels, purified using a Geneclean kit (Bio 101, Inc.) and cloned into a plasmid vector for sequence analysis.
Sequence analysis. PCR fragments were cloned into the pGEM-T vector (Promega). DNA sequencing was performed using a Sequenase version 2.0 kit (Amersham) on doublestranded or single-stranded plasmid DNA. Single-stranded DNA was generated by treatment with T7 gene 6 exonuclease (Amersham). Both strands were sequenced using a series of primers spanning the whole sequence. Sequence data derived from PCR were verified using independent fragments. Sequence data were TGA analyzed using the DNA Inspector IIe programme and the MRC Human Genome Mapping Project Resource Centre computor facilities (UK).
Pulse-field gel electrophoresis. Chromosomal DNA-agarose blocks were prepared as described by Wellems et al. (1987) . Chromosomes were separated by pulse-field gel electrophoresis (PFGE) using a Bio-Rad CHEF DRII system. 1 % agarose (Ultrapure, Gibco) gels were run in 45 mM Tridborate, 1 mM EDTA pH 8.0 at 80 V for 168 h with a pulse time of 180 s ramped to 900 s. After electrophoresis, the gels were depurinated, denatured, neutralized and blotted onto Hybond N ' nylon membrane. The membrane was fixed with ultraviolet light. Initial and final hybridization of the PFGE blot was perfoiined as described above.
RESULTS
Cloning and sequencing strategies. Protein kinases possess a catalytic domain of approximately 30 kDa within which some sequences are highly conserved among all members of the family (Hanks et al., 1988) . Two primers, TK1 and TK2, were synthesized based on the conserved sequences of subdomains VI and IX and the P. falciparum-biased codon usage. A band of 236 bp was obtained using PCR from P. faleiparum genomic DNA (3D7A; data not shown). The sequence data showed that the 236-bp fragment (TK1-2 clone) encoded 79 amino acids, with 59% identity and 74% similarity with Cdc2 of S. pornbe. The TKI-2 clone possessed an A+T content of 76% and codon usage was typical of P ,falcipurum. Southern blot analysis confirmed that the TK1-2 was derived from l? faleiparum DNA and revealed the presence of a number of related genes in the genome (data not shown). A LGEM-12 genomic library, therefore, was screened with the TK1-2 probe. After tertiary screening, six positive plaques were purified to homogeneity but only one (gTK3) contained the desired gene, as confirmed by PCR (data not shown). Despite exhaustive attempts, it was not possible to subclone restriction fragments of gTK3 DNA. Consequently, a partial restriction map of the gene was established and vectorette libraries were constructed and screened by PCR (Fig. 1) . Two fragments (PK5-HincIT and PK8-HincII) were amplified from genomic DNA and one fragment (PK.5-AccI) was derived from the gTK3 i-phage DNA. PK8-HincII contained a putative ATG start codon and PK5-Ace1 had a TGA stop codon. The sequence of the overlapping fragments showed that the ATG and the TGA were located in the same open reading frame (ORF). In order to confirm the sequence obtained from the overlapping clones, a pair of primers, PK, and PK,, were used to amplify the complete coding region from both the gTK3 phage and genomic DNA. The two PCR products were the same size and both strands were sequenced directly.
Nucleotide sequence analysis of the Pfmrk gene. The sequence obtained from the overlapping clones of the iGEM-12 genomic library and vectorette PCR-amplified genomic DNA fragments consists of 1147 bp (Figs 1 and 2 ). The ORF of the Sfmrk gene starts with a putative ATG codon at nucleotide 134 and ends with a TGA stop codon at nucleotide 1108. It appears that the entire coding region of Pfmrk has been obtained for the following reasons. First, there are two in-frame stop codons located at nucleotide positions -24 and -45, respectively, upstream of the ATG initiation codon and three in-frame stop codons at positions +19, +28 and $34, respectively, downstream of the TGA stop codon. Second, around the putative start and stop codon and two unique insert sites of the deduced amino acids (see below), there are no intron-exon consensus boundary sequences. Furthermore, PCR amplification of the proposed coding region of Pfnrk from genomic DNA and cDNA generated fragments of the same length (data not shown). Third, the coding region (97.5 bp) has an A+T content of 75.6%, while the 5' upstream (133 bp) and 3' downstream (39 bp) non-coding regions possess A+T contents of 80.5% and 79..5%, respectively, characteristically higher than that of the coding region. A final line of evidence is that the length of the ORF and the amino acid composition of the predicted protein are completely compa- Fig. 4 . Chromosome localization of the Pfmrk gene. Parasite chromosomes from P ,fakiparum 3D7A and T996 were separated by pulsedfield gel electrophoresis, stained with ethidium bromide, blotted onto nylon membrane and probed with a PCR fragment corresponding to the coding region of Pfnirk or F'fi25. According to the yeast chrotnosome markers and hyridization of several /? falciparurn chromosome marker gcnes, chromosome 10-14 were identified on the PFGE blot (A). Chromosome 10 was hybridizcd with Pfmrk (B) and Pfi2.5 (C), respectively. rable to the hoinologues of other species (see below). Sequence and codon usage in the coding region is typical of P fulciparurn genes. The sense strand has a higher content of A (40.1 %) than T (35.5%); 71 % (2301324) of the codons is I? fulcipurunz-preferred and the frequency distributions are markedly biased, 87 % of the codons possess an A or T at the third position, G is predominant in the first position (52.7%) and T is predominant in the last posilion (42.9 70). N o P ,fulciparunz or protozoan consensus translation initiation sequences (Saul and Baltistutta, 1990; Yamauchi. 1991) occur in the Pfrizrk gene. extracted from ascxual and sexual erythrocytic stages of P jirlciparitin 3D7A were fractionated in a denaturing formaldehyde gel, blotted onto nylon membrane and hybridized to radioactive probes. A, asexual erythrocytic stages ; S, sexual blood stages. The positions of P. , f i i k i p u w i rRNA subunits (1 8s and 28s) are indicated. (A), (B) and (C) are autoradiographs of the blotted nylon membrane probed with the P J k k gene, the F'fsl6 sexual stage-specific gene and the calinodulin housekeeping gene (PfCuM) respectively. PJ916 hybridized with a band of approximately 1400 nucleotides in the sexual blood stages and PfC'aM hybridized with two bands of 1300 and 1000 from the parasite.
Properties of the predicted Pfmrk protein.
The ORF encodes a protein of 324 amino acids with a predicted molecular mass of 38 kDa. Pfmrk contains all 11 conserved subdomains of the protein kinase family and has almost all of the characteristic features of a kinase (Knighton et al., 1991 ; DeBondt et al., 1993) . These include (relative to the residue numbers for the catalytic subunit of bovine cAPK-a, refer to Hanks et al., 1988):
(a) the glycine loop GlySO-Xaa-Gly52-Xaa-Xaa-GlySS, forming part of the ATP-binding site; (b) the catalytic loop Arg165-Aspl66-Xaa-Xaa-Xaa-Xaa-Asnl71, involved in catalysis and in guiding the peptide substrate into the proper orientation so that catalysis can occur: (c) the triad composed of the side chain of Lys72, Asp184 and Glu91, which is close to the pphosphate of ATP and plays a key role in recognition of the phosphate of . . Pfnzrk is a single-copy gene conserved in different strains. In order to determine the gene copy number of Pfmrk in P: falciparum, 3D7A genomic DNA was digested with different restriction enzymes and analysed by Southern blotting, using the PCR fragment corresponding to the complete coding region as a probe. The results (Fig. 3A) are consistent with the restriction map (Fig. l ) , indicating that Pfmrk is encoded by a single-copy gene in the parasite genome. PCR analysis of different parasite strains suggests that this gene is highly conserved in P: ,falcipurum (Fig. 3 B) .
Chromosome localization. The chromosomes of clones 3D7A and T996 of P: fulciparum were separated by pulsed-field gel electrophoresis (Fig. 4A) , blotted onto nylon membrane and hybridized with the Pfmrk gene probe. A single band was observed corresponding to chromosome 10 (Fig. 4B ). This was confirmed by re-probing the same blot with the Pj~2.5 gene (Fig. 4C) , which has been assigned to chromosome 10. The single band obtained on the PFGE blot also supports the conclusion that Pjmrk is a single-copy gene per haploid genome.
mRNA size and expression. Northern blots of total RNA prepared from cultures enriched in stages 111-V gametocytes and from mixed asexual erythrocytic stages were probed with a fragment corresponding to the complete coding region (Fig. 5A) . A band of approximately 2500 nucleotides in size was detected, migrating between the 28s and 18s ribosomal RNA species, in both stages. The result suggests that the mature Pjmrk transcript contains approximately 1300 nucleotides of 5' and/or 3' untranslated sequences. The mRNA transcript was much more abundant in the sexual stage than in the asexual erythrocytic stages. Probes corresponding to Pfs16, a sexual stage-specific gene (Bruce et a]., 1990) , and calmodulin, a house-keeping gene (Robson and Jennings, 1991) , were used as controls (Fig. 5, B and C).
Comparison of the amino acid sequence of Pfmrk with M015 and other Cdks. Database (Trembl and Nbrf) analysis revealed that Pfmrk has a striking similarity to members of the Cdk subfamily, with the highest similarity to human M015 protein kinase and a rice Cdc2-like kinase ( Fig. 6 and Table 1 ). The amino acid sequence of Pfmrk shares 62% similarity and 46% identity with the human M015 (Cdk7) kinase, in comparison to the 49-58% similarity and 34-43% identity with other human Cdks (Cdkl -6 and CdkS), and 56% similarity and 42% identity with the PfPK5, another Cdk-related protein kinase of l? fulcipurum (Ross-MacDonald et al., 3 994). Sequence analysis showed that Pfmrk contains all four major regions that are specific features of the Cdk subfamily in addition to the catalytic domains found in all serinehhreonine kinases. These include an ATP-binding domain, cyclin-binding domain, activating phosphorylation sites and the GDSEIDQ motif which is thought to be involved in the control of phosphorylation of the activating sites and the binding of cyclins. However, sequence comparison of Pfmrk with human Cdks in these domains revealed that Pfmrk is much more similar to M015 than to the other Cdks. Pfmrk contains residues equivalent to Serl4 and Tyrl5 in the ATPbinding domain, more like the rice M015 homologue and the yeast kinases Kin28 and Mopl. The potential activating phosphorylation sites of Pfmrk are quite different to human M015, but similar to those of Kin28. The fact that Pfmrk only has Glu208, Ile209, Asp210, Phe240 and Lys242 but lacks Asp206, Phe213, Lys237, Ser239, Pro241 and Trp243 residues (relative to the human Cdk2), which is thought to be involved in binding of inhibitory CksHsl subunit by human Cdk2 (Bourne et al., 1996) , implies further that Pfmrk is not closely related to Cdc2 and Cdk2. Despite the interesting similarities to known Cdks, Pfmrk has two unique inserts: a small insert, consisting of five amino acids compared to human Cdc2, Cdk2 and M015 homologues of rice and yeast, that appears just before the cyclinbinding motif, and a larger insert, composed of 13 amino acids, located within the T-loop domain correponding to residues 152-170 of human Cdk2.
DISCUSSION
The number of identified Cdks in mammalian cells and in budding yeast is rapidly expanding (Meyerson et al., 1992; Morgan, 1995) . In R falciparum, only two genes related to that encoding Cdk, PfPK5 and Pfcrkl, have been isolated and neither of these has a defined function (Ross-MacDonald et al., 1995; Doerig et al., 1995) . PFKS is highly similar to that encoding Cdc2 from human and yeast but, unlike the human gene, was unable to complement yeast cdc2 in a functional assay. However, this feature is common to all protozoan cdc2 homologues described to date (Mottram et al., 1993) . PfcrkI encodes a protein related to p W T A , a negative regulator of cell growth (Bunnell et al., 1990) . In this study, we have identified a novel cdklike gene from P. falciparum, which is conserved in different parasite strains and located on chromosome 10. The gene has no introns since no obvious intron-exon consensus boundaries were observed in the coding region and nucleotide sequences within the ORF were not A+T-rich (Weber, 1988) . This was confirmed by PCR amplification of the coding region from cDNA. Database searches revealed that the encoded protein is more similar to M015 than to other Cdks. Consequently, we designated it as Pfmrk, R falciparum MO15-related kinase. The gene for M015 has been cloned from a variety of species including Xenopus (Shuttleworth et al., 1990) , human Levedakou et al., 1994; Tassan et al., 1994; Wu et al., 1994) , mouse (Stepanova et al., 1994) , rat, goldfish (Onoe et al., 1993) , fission and budding yeast (Simon et al., 1986; Damagnez et al., 1995; Buck et al., 1995) , slime mold Dictyostelium discoideum (Michaelis et al., 1995) and possibly rice (Hata, 1991) .
A comparison between conserved domains of Pfmrk and human Cdks may not help in defining a function for Pfmrk but it may give some clues as to its likely control mechanisms. Cdk activity is tightly controlled by four highly conserved biochemical mechanisms. The cyclin subunit is a primary regulator of Cdk acitivity. Cyclin binds to one side of the catalytic cleft, interacting with the N-terminal and C-terminal lobes of Cdk to form a large, continuous protein-protein interface (DeBondt et al., 1993 , Jeffrey et al., 1995 . The c x l helix composed of 16 amino acids, called the PSTAIRE motif of Cdk, is central to the interface. In Pfmrk, there is a small insert consisting of five amino acids (compared to Cdc2 and Cdk2) just before the PSTAIRE motif (see Fig. 6 ). In the human Cdk2, the residues of Glu42, Gly43, Va144, Ile49, Ile52, Leu54, Lys56 and Glu57 are involved in cyclin A binding (Jeffrey et al., 1995) . However, Pfmrk, more like mammalian M015 (see Fig. 6 ), contains only Gly43, Ile52, Lys56 and Glu57, implying that the potential cyclin of Pfmrk, if it exists, is different from cyclin A. In fact, the partner of Cdk7 is cyclin H Makela et al., 1994) . In additon to cyclin binding, complete Cdk activation depends upon phosphorylation at Thrl60 (human Cdk2) or its equivalent residue in the T-loop. The kinase responsible for the phosphorylation is the Cdk-activating kinase, Cak (Solomon, 1994) . It has been demonstrated that MOWCdk7 can activate Cdkl, Cdk2, Cdk3, Cdk4 and Cdk6 in vitro and/or in vivo by phosphorylating this threonine residue (Fesquet et al., 1993; Solomon et al., 1993; Poon et al., 1993 Poon et al., , 1994 Fisher and Morgan, 1994; Labbe et al., 1994; Kato et al., 1994; Matsuoka et al., 1994; Aprelikova et al., 1995; Desai et al., 1995) . In human Cdk2, Thrl60 lies in the T-loop that blocks the catalytic cleft between the N-and C-terminal lobes (DeBondt et al., 1993; Jeffrey et al., 1995) . Interestingly, in Pfmrk there is a hydrophilic insert composed of 13 amino acids following the fifth residue in the equivalent T-loop position (see Fig. 6 ). It is not clear how this insert would influence the phosphorylation of Thrl82 (equivalent to Thr160 in Cdk2 and Thrl70 in Cdk7) by Cak. Understanding the precise structure and function of the insert will be dependent upon crystallographic analysis of Pfmrk. Phosphorylation of Thrl4 and Tyrl5 in the glycine loop is particularly important in the control of Cdk activity. Like yeast Kin28, Mopl, and the rice and slime mold M015 homologues, Pfmrk contains these residues (Thrl4 replaced by Serl4) but the corresponding sites are not conserved in the M015 of goldfish, Xenopus, human, mouse and rat, suggesting that these sites may not be important for the regulation of Cdk7 activity. The fourth major mechanism for Cdk regulation involves a diverse family of proteins, termed the Cki (cyclin-dependent kinase inhibitors), which bind and inactivate Cdk-cyclin complexes. Recently, crystallographic studies showed that CksHsl, a human Cki, bound via all four strands to the Cdk2 C-terminal lobe (Bourne et al., 1996) . The GDSEID motif at the beginning of the a5 helix and the (S/T)FPXW motif in the L14 segment of Cdk are implicated in the Cks binding. Pfmrk possesses the GDSEID motif but not the (S/T)FPXW motif, implying that the inhibitor of Pfmrk, if presented in the parasite, would be different to human Cki. Indeed, a few proteins have been observed to associate with the Cdk7-cyclin H complex Yee et a]., 1995; Adamczewski et al., 1996) .
In addition to Cdk activation, Cak may have other functions. M015 and cyclin H are components of the transcription factor TFIIH and phosphorylate the C-terminal repeat domain (CTD) of the largest subunit of RNA polymerase I1 in yeast (Cismowski et al., 1995; Buck et al., 1995; Damagnez et al., 1995) and mammals (Feaver et al., 1994; Serizawa et al., 1995) . Cak may be involved in the control of transcription initiation and nucleotide excision repair (Roy et al., 1994; Shiekhattar et al., 1995) . It has been described that M015 is associated with several other components of TFIIH (Shiekhattar et al., 1995 ; Yee et al.. 1995) . However, so far there is no information on the constitution of the transcription factors in malaria parasites. In this case, Pfmrk may be useful in searching the constituent molecules of the equivalent transcription factors such as TFIIH in P falciparum.
Expression of Pfmrk mRNA, though detectable in the asexual erythrocytic stages, occurs predominantly in the sexual stage as showed by northern blotting. Whether Pfmrk is involved in the molecular events controlling sexual development such as gametocyte maturation, exflagellation and fertilization remains to be investigated.
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